The preparation of monoclone antibody for HBcAg ARD and development of HBcAg diagnostic reagent by 熊丽霞
  
 
学校编码：10384                           分类号        密级_   _ 
学号：21620131152618                                    UDC_      




硕  士  学  位  论  文 
乙型肝炎病毒核心抗原 ARD区单抗的制备
及核心抗原检测试剂的初步建立 
The preparation of monoclone antibody for HBcAg ARD 
and development of HBcAg diagnostic reagent 
熊丽霞 
指导教师姓名：杜海莲  副教授 
     葛胜祥  副教授 
专 业 名 称： 生物化学与分子生物学 
论文提交日期： 2016年 05月 
论文答辩时间： 2016年 05月 
学位授予日期：    
答辩委员会主席：              
评    阅    人：               
 































































































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写
课题或课题组负责人或实验室名称，未有此项声明内容的，可以不作
特别声明。） 
声明人（签名）：      







































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于
2020 年 6 月 10 日解密，解密后适用上述授权。 







                             声明人（签名）： 
































摘 要 ................................................... I 
Abstract .................................................................................................... II 
Abbreviations ........................................................................................... V 
第一章前言 .............................................. 7 
1  乙型肝炎病毒 .................................................................................................. 7 
2  乙型肝炎病毒感染 ........................................................................................ 18 
3 HBV 感染的临床诊断 ................................................................................. 25 
4 HBV 核心抗原 .............................................................................................. 29 
5 本研究目的及意义 ....................................................................................... 34 
第二章材料与方法 ....................................... 36 
一：材料 .............................................................................................................. 36 
1 主要仪器 .......................................................................................................... 36 
2 实验材料、耗材及试剂 .................................................................................. 37 
2.1 细胞株及实验动物 ....................................................................................... 37 
2.2 实验用血清标本 ........................................................................................... 37 
2.3 主要耗材 ....................................................................................................... 37 
二：方法 .............................................................................................................. 41 
1 常规细胞培养方法 ....................................................................................... 41 
1.1 细胞复苏 .................................................................................................... 41 
1.2 细胞换液 .................................................................................................... 41 
1.3 细胞传代 .................................................................................................... 42 
1.4 细胞冻存 .................................................................................................... 42 
1.5 细胞计数 .................................................................................................... 42 
2 单克隆抗体的筛选 ........................................................................................... 42 
2.1 多肽的设计与合成 ........................................................................................ 42 
2.2 多肽的小鼠免疫 ............................................................................................ 43 
2.3 间接 ELISA 法检测免疫抗体滴度 ............................................................. 43 
2.4 脾免加强 ........................................................................................................ 45 
2.5 细胞融合 ....................................................................................................... 45 
2.6 间接 ELISA 法筛选抗体阳性株 .................................................................. 47 
2.7 杂交瘤细胞的克隆化培养 ............................................................................ 47 
2.8 单抗腹水的诱导 ............................................................................................ 49 
2.9 单克隆抗体纯化 ............................................................................................ 49 
3 SDS-PAGE ........................................................................................................ 50 
4 蛋白印迹实验（Western Blotting） .............................................................. 52 
5 乙肝病人血清标本 HBV DNA 提取及定量 .................................................. 52 
6 HBV 核心抗原 ELISA/CLEIA 检测体系的建立 .......................................... 53 

















1、HBcAg ARD 区前 17aa 及后 17aa 抗体的制备与性质鉴定 ..................... 56 
1.1 HBV 感染病人与正常人血清中针对 ARD 区血清水平 ............................ 56 
1.2 前 17-KLH 及后 17-KLH 的免疫 ............................................................... 57 
1.3 前 17 单抗及后 17 单抗与处理后重组 HBcAg 反应性验证..................... 58 
1.4 小结 ............................................................................................................... 63 
2、前 17aa 及后 17aa 抗体检测 HBcAg 的双抗体夹心配对的筛选 ............. 64 
2.1 前 17aa 及后 17aa 抗体检测重组 HBcAg 配对结果 ................................. 64 
2.2 前 17aa 及后 17aa 抗体检测 ARD 区全长多肽配对结果 ........................ 65 
2.3 小结 ............................................................................................................... 65 
3、ARD 区抗体与 ARD 区外 anti-HBc 夹心配对的筛选 .............................. 66 
3.1 检测 HBcAg 夹心配对的筛选 ...................................................................... 66 
3.2 检测大三阳患者血清中 HBcAg 夹心配对的筛选 ...................................... 66 
3.3 小结 ................................................................................................................ 67 
4．乙型肝炎病毒核心抗原检测试剂的初步建立 ............................................ 67 
4.1 最佳包被量及二抗稀释浓度的确定 ........................................................... 67 
4.2 处理液的调试 ............................................................................................... 68 
4.3 检测重组 HBcAg 抗原标准曲线的绘制 .................................................... 70 
4.3 乙肝病人中 HBcAg 与 HBV DNA 载量的相关性 .................................... 71 
4.4 小结 ............................................................................................................... 76 
第四章 讨论 ............................................ 77 
1 免疫表位的选取及抗体、检测抗体配对的筛选 .......................................... 77 
2 处理条件的摸索 .............................................................................................. 78 
3  HBcAg 可作为监测 HBV 感染的重要血清学标志物 ................................ 79 
4  CLEIA 方法检测 HBcAg 更具优势 ............................................................ 80 
第五章 小结与展望 ...................................... 81 
小结 ...................................................................................................................... 81 
展望 ...................................................................................................................... 81 
参考文献 ............................................... 81 



























Abstract in Chinese .................................................................................. I 
Abstract in English .................................................................................. II 
Abbreviations ........................................................................................... V 
Chapter 1 Preface ..................................................................................... 7 
1 Hepatitis B virus ................................................................................................ 7 
2 Hepatitis B virus infection ............................................................................... 18 
3 Clinical diagnosis of HBV infection ............................................................... 25 
4 HBV core antigen ............................................................................................ 29 
5 Purpose and significance of the study ........................................................... 34 
Chapter 2 Meterials and methods ......................................................... 36 
I Meterials ............................................................................................................ 36 
1 Instrument ........................................................................................................ 36 
2 Materials, consumables and reagents ............................................................ 37 
2.1 Cell lines and experimental animal ............................................................. 37 
2.2 Serum samples .............................................................................................. 37 
2.3 Consumables ................................................................................................. 37 
II Methods ........................................................................................................... 41 
1 Conventional cell culture method .................................................................. 41 
1.1 Cell recovery .................................................................................................. 41 
1.2 Cell replacing medium .................................................................................. 41 
1.3 Cell passage. .................................................................................................. 42 
1.4 Cell cryopreservation ................................................................................... 42 
1.5 Cell biology counting .................................................................................... 42 
2 Screening of monoclonal antibodies ............................................................... 42 
2.1 Design and synthesis of peptides ................................................................. 42 
2.2 Mice immunized with peptides .................................................................... 43 
2.3 Detection of antibody titer by indirect ELISA ........................................... 43 
2.4 Spleen immunity ........................................................................................... 45 
2.5 cell fusion ....................................................................................................... 45 
2.6 Screening antibody positive strains by indirect ELISA  .......................... 47 
2.7 Cloning and culture of hybrid tumor cells ................................................. 47 
2.8 Ascites induction ........................................................................................... 49 
2.9 Purification of monoclonal antibody ........................................................... 49 
3 SDS-PAGE ........................................................................................................ 50 
4 Western Blotting .............................................................................................. 52 
5 Extraction and quantification of HBV DNA in CHB serum samples ......... 52 
6 Establishment of ELISA/CLEIA detection system for HBV core antigen . 53 
Chapter 3 Results and analysis .............................................................. 56 
1、Preparation and characterization of anterior 17aa and posterior 17aa 

















1.1 The antibody level of ARD in the serum of HBV infected patients and 
normal persons.............................................................................................. 56 
1.2 Anterior 17-KLH and posterior 17-KLH immunization ........................... 57 
1.3 Reactivity of anterior 17aa and posterior 17 mAbs with treated 
recombinant HBcAg ..................................................................................... 58 
1.4 Summary ....................................................................................................... 63 
2、Screening of double antibody sandwich pairs in anterior 17aa and 
posterior 17 mAbs for HBcAg  ..................................................................... 64 
2.1 Screening of antibody pairs in anterior 17aa and posterior 17 mAbs for 
treated HBcAg ................................................................................................ 64 
2.2 Screening of antibody pairs in anterior 17aa and posterior 17 mAbs for 
ARD peptides .................................................................................................. 65 
2.3 Summary ....................................................................................................... 65 
3、Screening of antibody pairs in ARD mAbs and outside ARD anti-HBcAg66 
3.1 Screening of antibody pairs for treated HBcAg ......................................... 66 
3.2 Screening of antibody pairs for HBeAg positive patients’ HBcAg 
detection .......................................................................................................... 66 
3.3 Summary ....................................................................................................... 67 
4．Development of HBcAg detection reagent .................................................. 67 
4.1 Optimal package amount and second antibody dilution concentration .. 67 
4.2 Debugging of treatment buffer .................................................................... 68 
4.3 The standard curve of recombinant HBcAg detection .............................. 70 
4.3 The correlation between HBcAg and DNA HBV of CHB ......................... 71 
4.4 Summary ....................................................................................................... 76 
Chapter4: Discussion .............................................................................. 77 
1 The selection of immune epitopes and the screening of antibody and 
antibody pairs ................................................................................................. 77 
2 Exploration of treatment buffer ..................................................................... 78 
3  HBcAg as an important serological marker for monitoring HBV 
infection. .......................................................................................................... 79 
4  The advantages of CLEIA method to detect HBcAg ................................. 80 
Chapter5:Summary and outlook .......................................................... 81 
Summary ............................................................................................................. 81 
Prospect ................................................................................................................ 81 
References ................................................................................................ 81 

















乙型肝炎病毒（Hepatitis B virus, HBV）感染可以引起急性或慢性肝炎，并
可进而引发肝硬化、原发性肝细胞癌等严重疾病。乙型肝炎病毒感染已成为一
个全球性的健康问题。 




HBsAg 抗体、HBeAg、HBeAg 抗体和 HBcAg 抗体，HBcAg 作为 HBV 生命周
期中及其重要的蛋白， 在 HBV 的衣壳形成，核酸选择性包裹，逆转录以及细
胞内衣壳的转运和包装等都有重要功能，与 HBV DNA 有很高的相关性，是反
映 HBV 感染的重要血清学指标。但是因为 HBcAg 在病毒外膜内部，一般不容
易检测到，在 HBV 临床诊断中是一项空白。 
本研究基于 HBcAg C 末端 ARD 区单克隆抗体的筛选，初步建立了乙肝核
心抗原双抗体夹心化学发光酶免分析（Chemiluminescence enzyme-linked 
immunoassay，CLEIA）的方法，为 HBcAg 的快速诊断提供了有效工具。通过
在 ARD 区设计前后各 17 位 aa 多肽并免疫小鼠，各筛选到前 17 位 aa 抗体 24
株，后 17位 aa单抗 30 株，通过间接法 ELISA 及WB验证与处理后的重组 HBcAg
发现，前 17 位 aa 的单抗反应性要优于后 17 位 aa 单抗。经过表位鉴定，前 17
位 aa 的单抗大部分作用于 SPRRR 序列，5D8 作用于任何一个 RRR 序列，4H2
只作用于 155-166aa；后 17 位 aa 大部分单抗可能作用于 SPRRRR 序列，2F10、
16F7 作用于 176-183aa。由于前后 17 位 aa 的单抗存在表位重叠，导致配对筛选
失败，通过与 ARD 区外单抗配对，筛选到夹心配对 11C6&CZ-HRP。11C6 以
100ng/孔包被，CZ-HRP 以 1:5000 稀释使用，P/N 可达最高。处理条件经过调试



















三阳及小三阳病人标本， Cutoff 值定为 RLU=9495 时，特异性可达到 100%，但
是灵敏度只有 72.73%，AUC=0.8598，HBcAg 与 HBV DNA 载量相关性 R2 值可
0.8390，与小三阳病人 ALT 有一定相关性，R2值为 0.6577。此外 HBcAg Log RLU
值小于 4.1 时，与 HBsAg 有一定的相关性，R2 值为 0.4264 但是由于灵敏度太低，
HBV DNA 载量低于 107copies/ mL 的病人很难检出，导致小三阳标本中 HBcAg
检出率低，仅为 18.75%。 



























Hepatitis B virus infection, which has become a global health problem, can 
cause acute or chronic hepatitis, and also lead to cirrhosis, primary liver cancer and 
other serious diseases. At present, DNA HBV quantitative, liver function tests and 
hepatitis B virus two half detection are the most commonly used for diagnosis and 
judgment of patients’ condition and treatment in domestic hospitals.At present, the 
serological markers of two half detection mainly include HBsAg, Anti-HBs, HBeAg, 
anti-HBe and anti-HBc. HBcAg as an integral protein of HBV life cycle,plays an 
important role in HBV capsid formation, nucleic acid selective encapsulation, reverse 
transcription as well as capsid transport and packaging .Besides, HBcAg has a high 
correlation with DNA HBV, which is an important serological indicator of HBV 
infection.  However, HBcAg is intracellular hence itcannot be detected in the serum 
of infected individuals. Therefore, HBcAg detection is blank in the clinical diagnosis 
of HBV. 
This study initially established the hepatitis B core antigen double antibody 
sandwich CLEIA method based on the screening of monoclonal antibodies of the 
HBcAg C terminal ARD region, which provides an effective tool for the rapid 
diagnosis of HBcAg. By designing the anterior 17aa and posterior 17aa polypeptides 
and immunizing the mice, we obtained 24 antibodies for anterior 17aa polypeptides 
and 30 antibodies for posterior 17aa polypeptides. After epitope identification, we 
found out that most anterior 17 aa mAbs are adjacent to the sequence of two RRR of 
ARD region and 5D8 are adjacent to SPRRR, 4H2 is only adjacent to 155-166aa; 
most posterior 17aa mAbs may be adjacent to the SPRRRR and 2F10, 16F7 is 
adjacent to 176-183aa. Epitope overlap in the ARD region mAbs resulted in a failure 
of mAb pairs screening. Through screening pairs with the outside ARD region mAbs, 
we got a sandwich antibody pairs- 11C6&CZ-HRP. Microtiter wells were coated with 
100 ng of monoclonal antibody 11C6, CZ-HRP (1:5000 dilution), the P/N can 
increase to the highest level. A 100μLspecimen aliquot was mixed with 25μL of 

















at 37°C. Next the solution was neutralized with 120μL of 10% CHAPS. The 
recombinant HBcAg was detected by the preliminary established method, which 
showed the regression equation of standard curve was y=0.8666x+2.0833, and the 
correction coefficient was R2=0.9832, while  the linear range was 200pg/mL-2×
10
5
pg/mL. Detection of Chronic HBV serum specimens, when the cutoff value was 
set at RLU=9495 and demonstrated specificity that can reach 100%, but sensitivity of 
merely 72.73%, AUC=0.8598.The results revealed there is acorrelation between 
HBcAg in HBcAg positive patients and HBV DNA quantitative, R
2 
value was 0.8390, 
and there is a certain correlation between patients HBcAg nnegative patients ALT and 
HBcAg, R
2
 value is 0.6577. In addition, Log RLU HBcAg value is less than 4.1, there 
is a certain correlation between HBcAg and HBsAg, R
2 
value is 0.4264.  
To sum up, we initially established the HBcAg double antibody sandwich 
CLEIA detection method, which provides an important reference for the correct 
diagnosis, treatment and prognosis of CHB. However, further improvements are 
needed in detection sensitivity. 





























HBV: Hepatitis B Virus,乙型肝炎病毒 
HBcAg: Hepatitis B Core Antigen;乙型肝炎病毒核心抗原 
HBsAg: Hepatitis B Surface Antigen, 乙型肝炎病毒表面抗原 
HBx: Hepatitis B Virus X Protein, 乙型肝炎病毒 X 蛋白  
Anti-HBs: Antibody against Hepatitis B Surface Antigen, 乙型肝炎病毒表面抗体 
Anti-HBe: Antibody against Hepatitis B e Antigen, 乙型肝炎病毒 E 抗体 
Anti-HBc: Antibody against Hepatitis B Core Antigen, 乙型肝炎病毒核心抗体 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
CLEIA: Chemiluminescence enzyme-linked immunoassay, 化学发光酶免疫测定 
RIA: Radioimmunoassay，放射免疫分析方法 
ALT: Alanine Aminotransferase, 谷丙转氨酶 
AST: Aspertate Aminotransferase,谷草转氨酶 
ARD: Arginine rich region,精氨酸富集区 
DMSO：Dimethyl Sulfoxide，二甲亚砜 
DNA: Deoxyribonucleic Acid, 脱氧核糖核酸 
FBS:Fetal bovine serum，胎牛血清 
GAM: Goat anti mouse,羊抗鼠 
HRP: Horse radish peroxidase,辣根过氧化酶 
CHB: Chronic Hepatitis B Virus Infection, 慢性乙型肝炎病毒感染 
L-HBsAg: Middle Hepatitis B Surface Antigen, 乙型肝炎病毒表面抗原（大蛋白） 
M-HBsAg: Middle Hepatitis B Surface Antigen, 乙型肝炎病毒表面抗原（中蛋白） 
S-HBsAg: Small Hepatitis B Surface Antigen, 乙型肝炎病毒表面抗原（小蛋白） 


















ORF: Open reading frame，开放阅读框 
WB: Wesertern Blotting, 蛋白印迹实验 



















乙型肝炎病毒（Hepatitis B virus, HBV ），属于嗜肝 DNA 病毒科
（hepadnaviridae）。乙型肝炎病毒感染可以引起急性或慢性肝炎，并可进而引发
肝硬化、原发性肝细胞癌等严重疾病[1]。据统计，全世界约 20 亿人曾感染乙肝
病毒，其中约 2.4-3.5 亿人为慢性乙肝感染患者，每年有 31 万人死于肝硬化晚期
及 34 万人死于肝癌[2-5]。我国是乙型肝炎高地方流行区，根据 2006 年全国乙肝
血清流行病学调查表明，我国一般人群 HBsAg 流行率为 7.18%，估计约 9300 万
人为慢性 HBV 感染，占全世界慢性 HBV 感染者的 1/3，其中慢性乙肝患者约
2000 万例[6]。乙型肝炎病毒感染已成为一个全球性的健康问题[7]。 
 
图 1 成年人乙肝感染全球流行情况[7] 
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